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The present invention relate. - 

relating to the transfer of n ucl I° mat6rlais *nd met hods 
and « particular to a LthodT " d lnt ° Ste ™ 
cells with nucleic acid elL stem 
" Peptide so that ^l^TZJlT^ « 

the genome of the stem cells Th T "derated into 

relates to uses of this raethod I ~ C tion also 

compositions for us " " 63 f ° r Sene ^erapy, and 

conditions. he treatment of var io us 

15 

2 ° conditions, such as certain tvT" 3 "°" aC ^"ed 

one of the most important te ^- K±11 Resent 

Biood re i ated izi:: h :z advances in 

immunodeficiencies, or chron-i 33 th ° linked 

' «e amongst the most ^ouZl^Z^ "*» * 

25 for the evolution of thT ^ ndidates as systems 
feasibility of gene therap for d^oT^' ^ 
been amply demonstrated by Z ° f «!• . typ. has 

Cosine deaminase ' ^e^" ° bta ^ 
immunodeficiency (ADa . SCID) P ' " — combined 
30 peripheral blood T-cells. transfer lnt o 

However, many problems stand in th 

«* the promise of these t T ° f th * ™»"«tion 

experiments described above ^TfT ^ " 

5 r Wiri " 3 th -apy to be'repeate'd a S "V^ 

^"her, attempts to effect . inte ^^- 
-ample by gene transfer Lto — ction, f or 

into pluripotent haematopoietic 



stem cells (PHSC, have thus £ar been unsuccessful. 

= for this Firstly, PHSC are 

"££ r- - - - 

regarding PHSCs. 

• o jpar+h of markers to identify 
Purther, in humans there , „ : s dear h o ^ 

PHSC and, at P"'"^"^, antig en, which marXs 
human bene marrow cells t r _ probab ly only 

-out 1-2% of total .arrow ^ pHSC . In 

about 0.1% of these ~ le assays for hu.au 

addition, there are no «h°"*J^ rescue of lethal iy 
PHSC , unliKe murine system where the 
irradiated individuals can be used to 

R ecently, however, a method to enrich for ^ h a^been 
Ascribed by Beradi et al in Scrence ^ ^ ^ 

wh ich exploits -e ^escence «S ^ ^ 

£unc tional "^"^ the presenc e of the cytokines 
were incubated for clay stimu late division in 

stem cell factor (S CP ^ - ■ ^ ^ t _ pHSC . The 
all of the progenitor cells, b ^ 

cytotoxic agent, 5-fluoroura oil JS-FW . 

these cultures, resulting in the deat 

cells in the culture How ^ £~ originai ^ _ 
PHSC which average only 1 m the authors reported 

spared in this process. A=cor dmgly , the aut ^ 
obtaining an enriched population of 
characteristics of true PHSC. 

However, the authors of this paper were ^ ^ 
combination of cytokine -t^J^ ^ long term marr ow 
ce ils to divide, other tna dif ferentiation. 

culture (LTC) , which also leads to ther d 
Thus, although, this method can now produce high 
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Populations of phsc, it is their 

P-Perty exploited for th .™" ^ ies «nce, the very 
represent, the most signifi", „ ^ °°' that sti11 
9-n. therapy protocols Th """^ limitin * current 
5 developed vector systems " b " Muae ra ost highly 

transduction are b aser:; mu ~ ly ^ *« ^ 
viruses (an d the vectors LTve d f «* these 

-ably int e grate their g are unable to 

genome ln to non-dividing cells . 

Previously, „ e presented 

Working croup for Gene at the Eur o pean 

that a retroviral cell ".fl 1994 Closing 

incorporating nucleic acid e„ , C ° ntaininS 3 Viral ^«or 
-ctor on its " 

««=•« of transduction i„ a h im P rov ^ 
However . cone marrow cell 

ever, as mentioned above this ceJI n c "lture. 
^ry low proportion of PHS c , ? ? CUltUre ^ains a 
bS eX P ect ^ to stimulate the t " t ^" tBe " not 

-able integration of the nucT °* to allow th * 

™sc genome . J 1 " ™ Cle - -coding GCD into 

expectation is that in BeraT fal ^ 

°ne of the cytokines used to \ faCtor ™ 

^ the most of the cells L T Vision 

«" -SO,, allowing them to be ""^ ?" ^ <^ «* 

Population of stem cells. the ^riched 

obst"!:"::' there remains in « . f U ; t he r . 

tacle to using phscs as t-rv, * * further major 
techniques which arises from the ob ^ """W 

normally quiescent, i„ . st ll r PHSC are 

refractory to retroviral get trlnsfer.' ^ 

S!ffl!!!a «^£-the_j m! e^t^ 

- -od of ensure to ^Z^^ 



4 

or polypeptide by exposing 
acid encoding a desired ^ prote n or p W ^^.^ ^ as 

the* to bound C ; r 11 4 a e : tatlons , a population of PHSC 

tna t, contrary "^f^^ (eg retroviral vectors) 
can be used as targets for ^ proCein or 

incorporating nucleic acl ^ ^ aadi tionally 

polypeptide provided ^ eg stem cell factor 

exposed to bound 9 r ° Wth cell line so that it is 

expressed by a retroviral packagi ^ expressed on 

bound on the cell surface or, a retroviral 
, the surface of a retrovirus, eg as part 
envelope protein. 

^r-ovides a method for 
Broadly , the ^ J-^7L^ P-ein or 
transferring nucleic aci ^ nuc ieic acid being 

polypeptide to sten, eel s the 
incorporated into a vector g lati on of dividing 

vector is capable of transf ecting P P ^ ^ 
stem cells, resulting m the ^ method 

integrated into ^ adapted for the treat.ent 

20 has the advantage that ^ incorporating nucleic 

o£ a wide variety of ^^J^ or polypeptide into 

acid encoding the appropriate pr 

the vector. 

..t the present invention provides 
25 Accordingly, in one aspect P a ^ vector, 

a retroviral packaging insertion of nucleic 

the viral vector having a site ide , wherein the 

acid encoding a desired "^J. a sur face bound 

retroviral packaging cell ± stimulating the ste. cells 

» rxr • ™: « r - z r:r 

„ rt the present invention provides a 

35 In a further »^ ct 'J*^ ing nucle ic acid encoding a 

retroviral vector incorporating retr oviral 
desired protein or polypeptide 
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vector expresses 5 

XJ - S to divide. 

In a further- = 

"j-t-ner aspect 

method of t-^ / he P re sent i nvenH . 

incorporating the n Ji • * Cel1 ^ to a 

additionallv 1C acid ' herein th. VSCt ° r 

naiJ -y exposed to = the stem CP n e 

iis to divide. 

Conveniently thft 

' c "e growth f t- 
the , etrovlral pa ^H^™* b X en gineering 

on its surface by tra „ =( = . to ex Press growth .. 

^coding t L " ^ 3 ° el1 "ne „ it ? nu , ° r 

Pac*a 3ing cel ^.f^ «» prepared by con st 

-troviral envelope D *> P"duce T"" 3 

^owth factor. £ a ^ *° «" or pit 7^ 

the natural k- gr °" th fa =tor can h» ° f the 

^ fused d 3 d ° main °* "» «m» '° rePl *« 

~ i :r? to the p L o c h \° r c - 

-rgetin, (7 *7 b ; e " ^-ibed for use ^ 

as hh. , ' he ch imeric en^i re trovi ra i 

the ' Vlral — lope proteTn ^ ^ ^ 

hS re trov ir us to stem cells " «=<> target 

growth signal „ • cei ls, as well as t-„ ► ca rget 

Protein to T " C ° nCe " " ith the '^"-^oe a 

target cell 9r ° Kth " growth f W "" ""^ 

get cells, without targ et i no t res P°nsive 
Th * former strategy is I " 9 t0 a s P«ific cell type 
s «uation, the latter t a PP"=*Me to an L 

"er to an in vitro * ln vl vo 

Pre/ „ • tr *nsduction process. 

- Preferably t-h« 

factor f' SUrfaCS bou ^ growth f 

tcor ' also known , a-^owth factor ic oi . 

f*r*<- nown a s mast cell ~ stem cell 

factor or steel facto. gr ° Wth f ^tor, kit , . 

stem cell * t0r ' Nucleic acid « lgand 
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■ . a retroviral vector such as MFG 
Pre£ erably, the vector rs for use 

or che pBabe vector can be readily identified 

in che methods described herei 
by the skilled person. 

• or colypeptide will be one 
TyP ically. the -^J^^LTiB his or her body 
t f at a patient is unable « ^ amounC . However, the 

or does not synthes.se m th to sicu ations m 

concepts described herein are PP ^ polypepCld e 

which the nucleic ^ ^ f^^essed in a patient. 
tn at binds a substance that ogica l effect, or . 

bo dy, eg causing so.e ^ /J nd to . polypeptide that 
protein or polypeptide that c ^ .^.^ £oCT t 

is produced in a patent s bo y ^ it . The use 

activate it or in an active fo™ tions can nave the 

of t he present invention » by tr ansfectin g the 

advantage that the tnerapy I- th ereby helping to 

stem cells is T! J^ZZ: seated treatment - 
aV ° ld the -I e i: and -thfds described above can be 

In a .urther aspect, ^^^^ ^ 
• C eils as obtainable using ^ g ^ & ^ proC ein or 

^ TdI S st a ab n : i-rporated into their , 
polypeptide staJoiy 

- invention provides 
the present invent. 
In a further aspect, the P packaging cell 

compositions comprising the wit h a suitable 
U ne or retroviral vectors 

carrier. m this aspect the P delive ring nucleic 

^-^i compositions suitable ion of stem 

pharmaceutical comp ^ 1iTOeDtid e to a population 

acid encoding a desired polypepti gtem cells for 

cells in vitro, eg to Alte rnatively , the 

su.se.uent implant into a patien ^ 
composition could * stem cells. In this case, 

nucleic acid to a patient 
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the composition preferahlv 

1-orporating the nuc T e t ly ac :7 PriSe ;. 9 retrOViral 
« Peloid* and displ ^™*"' * -i™* protein 
. ~rf.ce. eg as part of J *«tor on its 

> envelope protein. 

In a further aspect the 

Pharmaceutical compositions inVention Prides 

obtainable using the ^ ^ as 

-tern cans could be engineered aSpect ' the 

— patients in need ITZT ZZIT ** 

In a further aspect 

aWe pharmaceutical commons ZT^ «- 
— treatment, especia lly rjTu^ " « 

In a further aspect the 

above retroviral packing Z7TL the 

use in the Preparation of a m e d " rStr ° Viral 
nucieic acid enc odlng , de ° £ J -lament for transducing 

the genome of stsm celis ^ " " POl ^Ptlde into 
In a further aspect the 

above stem ceils containing ZZTic ^ 

Polypeptide for use in the prepa" enC ° din9 * 
"••ting a condition that resT * " °' " "^""^ for 

°r Polypeptide. eSP ° ndS tD the desired protein 

— > 

as ^J^d_D SSC ri E t iaa 

Figure i j±) j. 

incubation with^^T f ° ll0 " in 9 = 

Panels, staining of In f T~* ' b °"°" 

completion of 7 days selLt "* SCP reCe P tOT at 

retroviral^ transduced, S-^Ll T" 

ected, Stem cel ls in semi- 
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solid medium following 4 weeks ^^J^, size 

cells. Bone marrow cell. ^ [B] ^ afcer whic h 

earlier for 1 days » 5-K I _ and the 

tritiated CH> Thymidine was add^ ^ pollowing this 
cells incubated f ° r 3 ^ "to glass microscope slides 

incubation they were pellete e(j were 

using cytospin (Shandon and allowed to dry 

dipped in photographic emulsion J ^ ^ ^ The 

before incubation in the a dard dev eloper and 

slides were then develope usm g ^ ceUs 

flx er and counter the Corporation of - 

undergoing division are labe £orma tion of silver 

thymidine into DNA, which leads^ ^ (panel A) 

grains in the emulsion^ Th ^ whereas the 
show no labeling J"" extensive and intense 
-seated cells 
labelling indicative of active 

SKteii^ls^ndjasfilsedS 

• „f the retroviral packaging cell 1^ 
production of the reci 

as follows: the 

T he cell line ^^ived 
parent producer eel lime phosphat e -mediated DNA 

packaging cell Ixne U> . ^ ^ encoding the p47 . 
transfection, using the " tr ° with the exception 

phox cDNA we described previo usly J > ■ ^ The 
tn at the neomycin £rom ^ pBa be series of 

retroviral backbone is derived H . gh titre 

vectors described by Morgenster , e ^ 
producer clones were then selected by ^ ^ ^ 

r^errrrbid ^ «.« - P - 
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encoding the membrane-associated for™ , 
«11 factor (Sep, . Cells ^ f0rm of the human stem 
-ing histidinol. tadiviLTT ^ Sele «ed 

tested for expression of sc^by' ^ °« 

' belied anti-sc F antibody ^ Kich . 

constructed by insertion of an 816bo V PJP2 " as 

* foment into the mamn, ? C ° BaMI1 ' SCF 

P-PS Unvitrogen Cor^ " Z ' 

plasmid BSSK: huMGFi28, see MoTl/Ze^ "» 
Selection and transduction of phsc 

Bone marrow cells hnmi n 

<«- the iiiac c est ; f aP r° X f""' ""^ 

anaesthesia. The ceils „ Steers under local 

-dieted and la^ 22 ^ «■ 

ficoll gradient. Ceils „ ° 3 ^continuous 

for 20 mins at 250Q ' " e " separated by centri fuga tion 
-m t he lnterphase -onuc e 

incubated in Iscove's DMEM m .H ■ S "" e then 

-t a i caif serum , 5 - fl ;~r (5 s ^ iemented ^ » * 

(SCF) and IL-3, as described T ' fact or 

. Following seven dats 7 " 31 <Scien « "7 

s-iving cells were " -^ d " °" ^ < tte 

°< the SCF-producer line " the 

»ere removed from the produj 3 C °- CUlti ™tion, they 

term cultures (L TC on h T "f U " d t0 long 
stroma, in McCoy , s ^ ^ • Eradiated human 

After « weeks in LTCi csll ™^2 [Z 110119 ^ CU1 — 
containing cytokines (StemGEM", to ^ 
develop. ; ' to a How colonies to 

Detection of transduced cells 
Transduction was scored by PCR anal ■ 

1B > • The PCR re l ied J R anal ^ ls of colonies (Fig 

1 initial round of 
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■ „ hh P most upstream primer 

35 cycles of amplification ^J*™ & small aliquot 

and the downstream primers was P in a seco nd 

reaction using the ^ ^ upst ream primer is 
downstream primer. ^ frQm the gag ge „e of 

complementary in sequence ^ prime rs are 

th e retroviral vector J"* £rM the p47 . pho x cDNA 

complementary to different r g ^ . s 454 

sequence. The size of nuc leotides. This 

nucleotides and the » — " iC ^ 

strategy ensures that tn ^ endogenous 

re trovirally encoded p 4 7-phox gene^an were 
gene. The products ot following 
visualised under gel 3 electrophoresis on 2% 

separation by standard agarose g 
gels containing ethidium bromide. 
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pp.sults 

, m p 1 on two independent marrow cell 
The data set out in table 1 on ^ % ^ 25% Qf 

cultures indicated that appro ^ ^ retro viral 

colonies were posxtrve for the p 
genome (Table 1) . 
Table 1 



Total 

Colonies 

Assayed 



Positive 
Colonies 



%Pos.itive 
Colonies 



30 Expt 1 

SCF producers 
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Expt 2 

SCF producers 
Non-SCF producers 
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discussion 
The above resuH-o i_ 

™SC can be ac . ltS Sh ° W Ch « *>od levels of 
cells express hleVSd USin * Sneered rst 0 ' transd -«°n of 
the init ^ 5 ^ SCP ° n their csll 1 Pa ° fca ^ 

capable of reSUltS ^ indicate that t h ?hUS ' 

and a J^™ 0 ^ ^vering J* a" ^ 

retroviral vector a growth sian^i 

simultaneous delivery ^ *> <*. target PHSC 
also have m, "ector and growth • S 

nave the advantage of • srowth Signal should 

Producer and targ et ce J s "» association of 

SCF has been shown to h» 

b cytoki - - - S ent ial *r; o h ; - bound form of scp 

abl e to synthesis! 7 Despite 
biological active soluble SCF , sp " e 

^eir coun^ y ' thSSe mi « are as h ^ ^ ful1 

lr c °«nterparts who carrv adly affected as 

^ « le not wishing b e ^""h <* th e 

7' we believe 9 h tc - bound by any 

°< the soluble and membr ane . ! biol °*-al activitieT 

factor are distinct , J associated f orms of " leS 

ab — ^ire^"' n °™ al tcpoLt ^ 

r not be — ;r ra r ound *~ 

surf a S that the session of b SOl " ble fo ™- « may 
! UrfaCe Ganges/reduces th d SCF on the cell 

.£r are — - tr t nt th to wwch — 

" OT —-"on levels of the ^ * — ^ial 
" may be Possible to 

achieved in m. improve the t„„ ^ 

°f addV Claimed ""hod usinc ,t tranSdu «ion rates 

parti ° nal =^*ine.. In " ^^istic action 

7 lnte raoting ln this . 



which has led to the 
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whicn ^ — 

way with other ^J^^ot be a mitogen but acts 
sugge stion that on xts ^ ^ assess this, sxmxlar 
as an anti-apoptotxc fa= ^ ^ perform£d usl ng 

experiments to those media in conjunction wxth 

additional cytokines added to the ^ ^ ^ ^ find 

our m odified P- dUCerS sel£ . ren ewal at the expense of 
conditions favouring sel ^ h . ghly desirab le 

di££ erentiation. Thx* nd pHSC nu ^ers xn 

consequence o£ -^J* ssib ly to act in this way xs 
cu lture. One ^^J^ J t stem ceii guiescence 
MIP1 - 0 1. There xs also ev anta gonists of thxs 

ma y be negatively ^f^Zl * stimulating cells 

into cycle. Of the P" 1 "^ o£ mo use embryonal stem 
£ actor that blocks ^^^ it , ed m ember of the same 
cell s and XL-11, a «^£ iaat .. fo, acting on^tem 
family of ^okxnes,^ ^ ^ . siralla r 

cells, as is 

spectrum of activities to SCF. 

protocol which is potentially 

Th e above method describes a pr ^ ^ trans£e r 

a pplicable to any clxnxcal ^ haema topoeitic stem 

o£ genetic informatxon to plu- P ^ m£thod . 

' cells (PHSC) . « dxscussed hae matopoextxc 

- Applicable for gene therapy of ^ ^ , it could 

' ^orders, such as the as haemophilia, or 

also be applicable to condxtxo rf 

other conditions ^""^ normal iy present in the 
pharmacologically actxve compoun . ons in the field 

J0 lex^m. There are also potentxal app ^ ^ 
of cancer therapy, ^^J^ecting them, thus givxng 

r r^ir^- — & bone marrow 

them a suj-vj. 
cells- 

• che above 

15 • be treated using the 

.teases that mxght be 
Other diseases 

protocol include: 
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Chronic Granulomatous Disease (CGD) , all forms. 
Severe Combined Immunodeficiency (SCID) , all forms. 
Hyper gamma globulinaemia syndrome (Hyper IgM) . 
Wiskott-Aldrich Disease (WAS) . 

Thallassaemia, sickle-cell anaemia, other anaemias due to 
deficiencies of red blood cell proteins. 

Neutrophil defects due to failure to synthesise granule 
components eg myeloperoxidase deficiency. 

Haemophilia and other clotting disorders such as complement 
deficiencies . 

Lysomal Storage Disorders, eg Gaucher' s disease, Hurler's 
disease, Mucopolysaccharidosis. 



Leukocyte Adhesion Deficiency (LAD) 
Bare Lymphocyte Syndrome . 
25 Cancer. 
AIDS. 
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Fig J. A) top panels, bone marrow cells following odays incubation with 5-FU (right) or without 5-FU (left); bottom 
panels, staining of cells as above for SCF receptor at completion of 7 days selection in 5-FU (right) or without 5-FU 
(left). B)PCR anaJysis of colonies arising from relrovirally transduced, 5-FU selected, stem cells in semi-solid medium 
following 4 weeks long term culture. 1-9, colonies; N, negative control; C, positive control; M, size markers. The 
arrow indicates the retroviral PCR product 
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Figure 2. Tritdated Thymidine Labelling of 5FU Selected Cells 

Bone marrow cells were incubated as described earlier for 7 days in 5F.U [A], or not [B], after which 
tritiated ( 3 H) Thymidine was added to die medium and the cells incubated for a further 16hrs. Following 
this incubation they were pelleted onto glass microscope slides using cytospin (Shandon Instruments). 
The slides were dipped in photographic emulsion (Ilford) and allowed to dry before incubation in the 
dark at -70°C lor one week. The slides were then developed using standard developer and fixer and 
counter stained with Wright's stain. Cells undergoing division are labelled by die incorporation of 3 H 
Thymidine into DNA, which leads to die formation of silver grains in die emulsion. The 5FU treated cells 
(panel A) show no labelling indicating quiescence, whereas the untreated cells (panel B) show extensive 
and intense labelling indicative of active cell division. 



